A novel extremely thermophilic bacterium was isolated from the world's deepest sea-floor, the Mariana Trench Challenger Deep a t a depth of 10897 m. Cells were Gram-reaction variable, non-spore-forming and non-motile rods without flagella. Growth was observed between 50 and 80 "C (optimum: 74-76 "C; 90 min doubling time), pH 5 4 and 9.5 (optimum: pH 7.0-705) and 0 5 and 5 % sea salts (optimum: 2 % sea salts). The isolate was a strictly aerobic heterotroph capable of utilizing as sole energy and carbon source: yeast extract, peptone, cellulose, starch, chitin, casein, Casamino acids, a variety of sugars, carboxylic acids and amino acids. The G+C content of the genomic DNA was 72.5 mol%. Phylogenetic analysis based on 165 rRNA sequences placed this aerobic, high-G+C-content bacterium among the members of the Grampositive, low-G+C-content anaerobic thermophilic bacteria within the Bacillus-Clostridium subphylum. On the basis of the physiological and molecular properties of the new isolate, the name Thermaembacter marianensis gen. nov., sp. nov. (type strain 7p75aT = JCM 102463 is proposed.
INTRODUCTION
Recently, an increasing number of hyperthermophilic micro-organisms, capable of growing at temperatures up to 90 "C, have been isolated from deep-sea hydrothermal environments (Gonzalez et al., 1995 ; Godfroy et al., 1996 Godfroy et al., , 1997 Antoine et al., 1997; Blochl et al., 1997; Canganella et al., 1997b; Huber et al., 1997) . Most of them are new members of Thermococcales and Thermotogales, which are anaerobic, heterotrophic and hyperthermophilic members of the domains Archaea and Bacteria, respectively (Gonzalez et al., 1995; Godfroy et al., 1996 Godfroy et al., , 1997 Antoine et al., 1997; Canganella et al., 1997a) , but some are phylogenetically and physiologically distinct hyperthermophiles (Blochl et al., 1997; Huber et al., 1997) . To date, however, the number of reports of cultivation and isolation of deep-sea thermophilic micro-organisms
The DDBJ accession number for the 16s rDNA sequence of 7p75aT is ABOll495.
that grow optimally at somewhat lower temperatures between 60 and 80 "C have been few (Marteinsson et al., 1995; Harmsen et al., 1997) and the distribution and diversity of such bacteria are still unclear.
From a mud sample of the Challenger Deep in the Mariana Trench at the depth of 10897 m, Takami et al. (1997) isolated a number of heterotrophic bacteria under various culture conditions. These isolates included not only psychrophilic and mesophilic bacteria but also several new phylogenetic lineages of thermophiles capable of growth at temperatures between 55 and 75 "C within the Gram-positive, low-G + C-content group of bacteria (Takami et al., 1997) . This observation implies that the extremely deep marine environments with high hydrostatic pressures and low temperatures harbour a diverse group of thermophiles and exploration of these environments may lead to undiscovered thermophilic micro-organisms.
In this study, we succeeded in the cultivation and isolation of a novel strictly aerobic extremely thermo-bottom of the Challenger Deep (1 1 " 21.1 1 1' N, 142 " 25.949' E) at a depth of 10897 m by means of the unmanned submersible Kaiko in a dive performed on 2 March 1996, as described previously (Takami et al., 1997) . The sample was collected in a sterile 50ml Falcon tube, which was tightly inserted in a tube holder, brought to the sea surface without microbial contamination from other depths, and immediately frozen at -85 "C (Kato et al., 1997; Takami et al., 1997) . The sample was stored at -85 "C prior to incubation.
Enrichment and purification. The thawed sample was used to inoculate a series of media including modified MJ medium (Sako et al., 1996) and MJP medium, described below, and the cultures were incubated at 70, 76, 82, 88 or 95 "C. All tubes of MJP medium inoculated with the mud sample became turbid after 2 d incubation at 76 "C. To obtain a pure culture, the dilution-to-extinction technique was employed (Baross, 1995) . After the cell density of the enrichment culture reached approximately 10' cells ml-', 10 separate dilution series were prepared in which five 1 : 10 dilutions of the culture were followed by 20 1 : 2 dilutions. Each dilution was performed using MJP medium, and the cultures were then incubated for at least 3 d at 76 "C. The culture in the tube showing growth at the highest dilution was designated strain 7p75aT.
Culture medium and conditions. The new isolate was routinely cultivated in modified MJ medium (Sako et al., 1996) , MJP medium which contained 1 g trypticase peptone per 1 of MJ synthetic seawater. MJ synthetic seawater was composed of NaC1, 30-0 g; K,HPO,, 0.14 g; CaC1,. 2H,O, 0.14 g; NH, Cl, 0.125 g; Na, NO, , 0.125 g; MgSO, . 7H, O, 3.4 g; MgC1, .6H20, 4 .18 g; KC1,0.33 g; NiCl2.6H2O, 0.5 mg; Na,SeO,. 5H,O, 0.5 mg; Fe(NH,),(SO,), .6H,O, 0.01 g; trace mineral solution 10 ml, consisting of (1-l) nitrilotriacetic acid (1.5 g), MgS0,.7H20 (3.0 g), MnS0,.2H20 (0.5 g), NaCl (1.0 g), FeSO4.7H,O (0.1 g), CoS0,.7H20 (0.18 g), CaC1,.2H2O (0.1 g), ZnS0,.7H20 (0.18 g), CUSO, . 5H20 (0.01 g), KAl(SO,), . 12H,O (0-02 g), H,BO, (0.01 g), Na2MoO,.2H,O (0.01 g), NiCl2.6H2O (0.025 g), Na,SeO, .5H,O (0.3 mg) ; the pH of trace mineral solution was adjusted to 7-0 with NaOH. The pH of MJP medium was adjusted to 7.2-7-4 with NaOH at room temperature, unless otherwise noted. For testing the effects of pH on growth, the pH of MJP medium containing 20mM of sodium succinate (pH 5.0), MES (pH 5-5-6.5), HEPES (pH 7G8-0) or BTP { 1, 3-bis[tris(hydroxymethyI) methylamino] propane} (pH 8-5 or above) was adjusted to various values with H2S0, or NaOH at room temperature. For testing the effects of sea salts concentration on growth, varying dilutions of 2 x MJ synthetic seawater containing 0.1 % (w/v) peptone (pH 7.2 adjusted with NaOH at room temperature) was used instead of MJP medium. To examine the utilization of carbon-containing substrates, the peptone in MJP medium was replaced with various concentrations of substrates. Microaerobic or anaerobic growth of the new isolate was tested as described by Huber et al. (1992) or Balch & Wolfe (1 976), respectively. In these experiments, 20 ml medium was dispensed into a 100 ml glass bottle (Schott Glaswerke) which was tightly sealed with a butyl rubber stopper and the gas phase was exchanged with either H,/CO,/N, /O, (60: 10: 25: 5, 200 kPa) adjusted with H,SO, or NaOH) were added in the medium to the final concentration of 0.05% (w/v). The state of oxygenation was monitored using resazurin [l mg (1 medium)-'] and the cultures were incubated at 75 "C.
Determination of growth. Growth of the new isolate was determined by direct cell count after staining with 4',6-diamidino-2-phenylindole (DAPI) (Porter & Feig, 1980) using a Nikon Optishot microscope equipped with a Nikon FX-I1 camera system. Cultures prepared in duplicate were grown in 300ml flasks containing 100ml medium in a temperature-controlled dry oven (Taitec) and were shaken at 100 r.p.m. in all cases. The pH growth curve was determined at 75 "C and the sea salts growth curve was determined at 75 "C and pH 7.2.
Light and electron microscopy. Cells were routinely observed with a phase-contrast microscope (Optishot 2; Nikon). For microscopy at 75 "C, a drop of culture at 75 "C was placed on a slide preheated to 80 "C and observed immediately. Micrographs were obtained using a Nikon Optishot microscope equipped with a Nikon FX-I1 camera system. Transmission electron microscopy of negatively stained cells was carried out as described by Zillig et al. (1990) . Cells grown at 75 "C in the mid-exponential phase of growth were negatively stained with 2 % (w/v) uranyl acetate and observed under a JEOL JEM-12 10 electron microscope at an accelerating voltage of 80 kV. For ultrathin sectioning, the rapid-freezing and substitution fixation method was used (Amako et al., 1983) . The thin section was stained with uranyl acetate and lead citrate and observed with a JEOL JEM-1210 electron microscope at an accelerating voltage of 80 kV. The scanning electron microscopy of the new isolate was carried out as described by Padilla et al. (1997) with minor modification. Cells grown at 75 "C in the midexponential phase of growth were collected on a 0.45 pm pore size Millipore HA filter and fixed with 2.5% (v/v) glutaraldehyde in 50 mM Tris/HCl (pH 7.5) containing 3 O h (w/v) NaCl at 75 "C for 30 min. After dehydration in a graded ethanol series, the specimen was immersed in t-butyl alcohol and dried using a freeze drying method. The specimen was observed using a JEOL JFC-1 lOOE scanning microscope at an accelerating voltage of 5 kV.
Sporulation test. The spore-forming ability of the new isolate was examined by physiological induction under various growth conditions and using molecular determination of sporulation genes (Brill & Wiegel, 1997) . Cells were cultivated to early exponential growth phase under optimal conditions and then exposed to lower (60, 55,50 and 45 "C) or higher temperatures (80 and 85 "C). In other experiments, exponentially growing cells in MJP medium under optimal conditions were transferred into MJ seawater containing 0.05, 0.01, 0-005 or 0.001 % (w/v) peptone at various temperatures (45-85 "C). The exponentially growing cells in MJP medium under optimal conditions were also incubated on plates of MJP seawater containing a varying concentration of peptone (0.00 1-0.1 YO) and 2,2.5 or 3 % (w/v) agar (melting temperature, 80 "C; Nacarai Tesque) at various temperatures (45-85 "C). During the exposurement and cultivation, the cells were observed with a phase-contrast microscope.
The molecular determination of spoOA and ssp genes, which are involved in sporulation of many endospore-forming bacteria and have been used as molecular probes for the screening of spore-forming bacteria (Brown et al., 1994; Setlow, 1988; Mohr et al., 1991 ; Brill & Wiegel, 1997) , was performed by PCR. The primers for amplification were designed and the PCR reactions were carried out as described by Brill & Wiegel (1997) . All PCR products were directly sequenced on both strands by the dideoxynucleotide chain termination method using DNA sequencer model 373As (Perkin Elmer/Applied Biosystems). The nucleotide sequences of these products were analysed using Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) to estimate the degree of similarity to other known spoOA and ssp genes.
Effect of pressure on growth. The effect of hydrostatic pressure on growth was examined using a 'DEEP-BATH' system, a high-pressure/high-temperature bioreactor (Moriya et al., 1995; Canganella et al., 1997b) . Cells precultured in MJP medium at 75 "C were transferred to a 1.5 1 glass vessel containing 11 MJP medium which was vigorously agitated, pre-heated at 75 "C and pre-pressurized at 0.5, 20, 40 or 60 MPa under a gas phase of air. Samples were taken at regular intervals and the growth under each pressure condition was determined by direct cell count after staining with DAPI.
Organic substrates for growth. In an attempt to find organic substrates which could support growth of the isolate, experiments were conducted using MJ seawater containing potential substrates (pH 7.2). These were added at concentrations of 0.02 and 0.2 YO (w/v). The cells were pre-cultured in each medium prior to inoculation of the same medium. These tests were run in duplicate at 75 "C.
Cellular fatty acid composition. Cellular fatty acid composition was analysed using cells of strain 7p75aT cultivated in MJP medium at 75 "C. Cellular fatty acids were determined as described by Kawasumi et al. (1984) .
Isolation and base composition of DNA. DNA was prepared as described by Marmur & Doty (1962) and Lauerer et al.
(1 986). The G + C content of DNA was determined by direct analysis of deoxyribonucleotides using HPLC (Tamaoka & Komagata, 1984) . Calf thymus DNA (42 moly0 G + C ; Sigma) (Marmur & Doty, 1962) and non-methylated DNA from bacteriophage 3, (49.8 mol YO G + C ; TaKaRa) (Sanger et al., 1982) were used as reference materials.
Amplification of 165 rRNA gene and sequence determination.
The 16s rRNA gene (rDNA) was amplified by the polymerase chain reaction (PCR) using Eubac 27F and 1492R primers (DeLong, 1992) . The 1.5 kb PCR product was directly sequenced by the dideoxynucleotide chain termination method using a DNA sequencer model 373As (Perkin Elmer/Applied Biosystems). The rDNA sequence was analysed using SIMILARITY-RANK, ALIGN-SEQUENCE and data from the Ribosomal Database Project (RDP) (Larsen et al., 1993) and BLAST was used to estimate the degree of similarity to other rDNA sequences.
Data analysis. The almost complete sequence (1488 bp) of 16s rDNA of 7p75aT was manually aligned to SSU rDNA data from the RDP based on primary and secondary structure considerations using the Genetic Data EnvironThermaerobacter marianensis gen. nov., sp. nov. ment (GDE) multiple sequence editor. Phylogenetic analyses were restricted to nucleotide positions (1263 homologous positions) that were unambiguously alignable in all sequences. Least-squares distance matrix analysis (Olsen, 1988) , based on evolutionary distances, was estimated by using the correction of Kimura (1980) . Neighbour-joining analysis was accomplished using the ODEN software package (version 1.1, National Institute of Genetics, Mishima, Japan). Maximum-likelihood analysis was performed using fastDNAml (version 1 .O; distributed by RDP). Bootstrap analysis was used to provide confidence estimates for phylogenetic tree topologies.
RESULTS

Enrichment and purification
Enrichment from a mud sample in MJP medium occurred at 70 and 76 "C but not at higher temperatures of 82, 88 or 95 "C, and a population of long, thin, rod-shaped cells was observed after 2 d incubation. Although the rod-shaped cells could not form colonies on plates of MJP medium containing 2, 2.5 and 3 YO (w/v) agar (melting temperature, 80 "C; Nacarai Tesque) and in the tubes of MJP medium containing various concentrations of agar (0.5-2 YO, w/v) at temperatures of 50, 55, 60, 65 or 75 "C, they were successfully purified by the dilution-to-extinction technique in 10 separate series at 76 "C. The culture in the tube showing growth at the highest dilution was designated strain 7p75aT ( = JCM 10246T; JCM, Japan Collection of Microorganisms, Wako, Japan). The purity of this culture was routinely confirmed by microscopic examinations and by partial sequencing of 16s rRNA gene using several PCR primers. All further experiments were performed with isolate 7p75aT.
Morphology
The cells were thin straight to slightly curved rods, 2-7 pm long and 0.3-0.6 pm wide during the exponential phase of growth (Fig. la, c) , and stained weakly Gram-positive, but stained Gram-negatively and became very long (more than 10 pm) in the stationary phase of growth (Fig. lb) . They often appeared singly but pairs were also observed (Fig. la,  c and d) . As observed by the light microscopy at 76 "C, the cells were non-motile, and the results of transmission electron microscopy of negatively stained cells indicated that these cells had no flagella (Fig. Id) . Thin section electron micrographs showed the presence of a thin peptidoglycan layer (Fig. le and If) , which was consistent with the weak Gram staining observed.
No spore formation by physiological induction was observed in any phase of growth under any of the conditions. In the PCR determination of sporulation genes, the targeted segments of spoOA were consistently amplified under a range conditions as described by Brill & Wiegel (1997) ssp gene sequences was obtained. On the basis of these negative results for sporulation, the new isolate appeared to be a non-spore-forming bacterium.
Physiological characterization of growth
The new isolate grew only under aerobic culture conditions, indicating that isolate 7p75aT was a strictly aerobic bacterium. Under both microaerobic and strictly anaerobic conditions, no growth occurred.
The isolate grew over the temperature range of about 50-80 "C, showing an optimum growth at 74-76 "C and the generation time at these temperatures was about 90 min at pH 7-2-7-4 (Fig. 2a) . No growth was observed at 82 "C. Growth of the new isolate at 75 "C occurred between pH 5.5 and 9.5, with optimum growth about 7.5 (Fig. 2b) . No growth was detected below pH 5.5 or above pH 9.5. Strain 7p75aT required sea salts for growth. It grew over the concentration range of about 0.5-5% sea salts, with optimum growth at around 2 YO sea salts at 75 "C and pH 7.2-7.4 (Fig. 2c) . Below 0.5% or above 5 % sea salts, growth was inhibited but the cells did not lyse.
The isolate was sensitive to hydrostatic pressure despite a high in situ-hydrostatic pressure (about 110 MPa) of the isolation site. In the 'DEEP-BATH' system (Moriya et al., 1995) , it grew slowly with a generation time of about 6 h and reached a maximum cell density of 4 x lo7 cells ml-l at 75 "C at 0-5 MPa. Under higher hydrostatic pressures of 20, 40 and 60 MPa, no growth occurred.
Nutrition
The isolate was a heterotroph. In a medium containing 0.2% (w/v) peptone and 0.2% (w/v) yeast extract, 7p75aT grew vigorously with a generation time of about 90 min and reached a maximum cell density of 6 x 10' cells ml-l at 75 "C. As shown in Table 1 Thermaerobacter marianensis gen. nov., sp. nov. or histidine as a substrate for growth (Table 1) . Very weak growth took place with cellulose, glycine, alanine, leucine, methionine or phenylalanine, as the substrate, and no growth occurred with lignin, fructose, tryptophan or tyrosine as the substrate (Table 1) . In order to determine the substantial cellulose utilization of the isolate, the extracellular cellulolytic activity was examined based on the carboxymethylcellulase (CMCase) assay (Wood et al., 1988) . The CMCase activity was detected in the supernatant of 7p75aT culture grown in MJ synthetic seawater containing 0.2 YO (w/v) cellulose at 75 "C and pH 7.2 in the late exponential growth phase (data not shown). The finding of the extracellular cellulolytic activity suggested that the new isolate was capable of utilizing cellulose as the growth substrate. In addition, the utilization of many substrates depended upon concentration. High concentrations of casein, Casamino acids, cellobiose, glucose, galactose, xylose, isoleucine, valine, serine and threonine inhibited growth, while the growth rates and cell yields increased with increasing concentration with substrates such as maltose, mannitol, inositol, asparagine, glutamine, aspartate and glutamate (Table 1) .
Fatty acid and DNA base compositions
The major cellular fatty acids of the new isolate grown at 75 "C were 52.3 YO iso-C,,:,, 27-6 YO C14:,, 9.3 YO anteiso-C,, :,, 4.3 YO iso-C,,: ,, 3.5 % anteiso-C,,:,, 2.1 YO C,,: , and 0.9 YO C,,: , . The G + C content of the genomic DNA of strain 7p75aT was 72.5 & 0.5 mol %.
Phylogenetic analyses
The almost complete sequence (1488 bp) of the 16s rRNA gene from strain 7p75aT was determined. The 16s rDNA sequence of the new isolate was repeatedly
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Dictyoglomus thermophilum H-6-1 2T (DSM 3960T): 57.0 Thermoanaerobacterium saccharolyticum B6A-RI: 54-0 Thermoanaerobacterium thermosaccharolyticum NCA 3814: 54.0 determined to check the culture purity and the reproducibility of the PCR-mediated rDNA sequence. Furthermore, the inspection of predicted secondary structures and evaluation by the CHECK-CHIMERA program of the RDP (Larsen et al., 1993) indicated that the rDNA sequence of 7p75aT was free of chimeric artifact (data not shown). Based on the sequence similarity analysis, the 16s rDNA sequence of the new isolate had less than 87% similarity with any other known sequences. The most similar rDNA sequences were those of Moorella (originally described as Clostridium) thermoautotrophicum (Wiegel et al., 198 I) , Moorella thermoaceticum (Fortaine et al., 1942) and Moorella glycerini (Slobodkin et al., 1997) with 8 5 4 7 % similarity, and the rDNA sequences of the members of Thermoanaerobacter and Desulfotomaculum were also similar (80-85 %) . These findings implied that the new isolate was closely related to Gram-positive, low-G + C-content, spore-forming, anaerobic thermophilic bacteria within the BacillusClostridium subphylum, even though the isolate appears to be phylogenetically distant from those bacteria at the genus level. In order to assess the phylogenetic placement of the isolate, phylogenetic trees were reconstructed based on the neighbourjoining method and the maximum-likelihood method.
Phylogenetic analyses by the neighbour-joining and maximum-likelihood methods indicated identical topology in the affiliation of the new isolate, placing this organism close to the Moorella group but it represents a distinct branch showing early divergence from the Moorella group (Fig. 3) . On the basis of its phylogenetic placement, the new isolate was the first obligate aerobe among obligate anaerobic bacteria. Although the estimated bootstrap confidence revealed low significance for the placement of 7p75aT (Fig. 3) , the base composition disparities in the 16s rDNA Thermaerobacter marianensis gen. nov., sp. nov. parities in the genomic DNAs (from 3 1.0 to 72-5 mol %) and had little influence on the tree topology, supported by transversion distance-matrix analysis (Woese et al., 1991) .
DISCUSSION
A strictly aerobic, heterotrophic, extremely thermophilic bacterium was isolated from the world's deepest sea-bottom, the Mariana Trench Challenger Deep at a depth of 10897 m. The results of 16s rDNA sequence analysis show that the new isolate is related to Grampositive, low-G + C-content, spore-forming, anaerobic thermophilic bacteria including the members of the genera Clostridium, Desulfotomaculum, Thermoanaerobacter, Thermoanaerobacterium, Anaerobranca, Thermosyntropha, Dictyoglomus and Moorella, within the Bacillus-Clostridium subphylum (Wiegel & Ljungdahl, 1986; Lee et al., 1993; Love et al., 1993; Collins et al., 1994; Engle et al., 1995; Svetlitshnyi et al., 1996; Slobodkin et al., 1997; Stackebrandt et al., 1997) , but represents a distinct phylogenetic branch within this subphylum of bacteria (Fig. 3) . The new isolate is the first aerobe growing strictly under aerobic conditions and is the most thermophilic bacterium, capable of growing at 80 "C, within these groups of thermophiles (Engle et al., 1996; Liu et al., 1996) . Nonmotile and lacking flagella, the cells are dissimilar to those of the most closely related Moorella species (Cato et al., 1986; Slobodkin et al., 1997) , and sporeformation, a distinctive characteristic of anaerobic thermophilic bacteria within the Bacillus-Clostridium subphylum (Collins et al., 1994) , has not been observed with the new isolate. Furthermore, the high G + C content (72-5 mol%) of the genomic DNA of strain 7p75aT is unusual among members of this group of Gram-positive bacteria with genomic DNA having a G + C content of 31-56 mol% (Cato et al., 1986; Collins et al., 1994; Engle et al., 1996) . The cellular fatty acid composition is as distinctive as compared to other Gram-positive bacteria (Cato et al., 1986) . On the basis of these physiological and molecular properties of the new isolate, we describe here a new genus, which is named Thermaerobacter. The type species is Thermaerobacter marianensis (named after the Mariana Trench), and the type strain is Thermaerobacter marianensis 7p75aT ( = JCM 10246T). Considering its requirement for sea salts for growth, T. marianensis is a typical marine bacterium. Other aerobic, heterotrophic, thermophilic bacteria which include Thermus, Rhodothermus and Bacillus species have been isolated and characterized from shallow and deep-sea hydrothermal systems (Kristjansson & Alfredsson, 1986; Alfredsson et al., 1988; Sako et al., 1996; Harmsen et al., 1997) . In addition, unnamed thermophilic bacteria different from these well-characterized genera have been isolated from deep-sea hydrothermal vents at the Mid-Atlantic Ridge and Guaymas Basin, and these include both Gram-positive and Gram-negative bacteria (Marteinsson et al., 1995) . Takami et al. (1997) have reported that unidentified aerobic heterotrophic thermophiles exist in the surface mud of the Challenger Deep in the Mariana Trench. Hence, the discovery of this novel thermophilic bacterium T. marianensis supports the view that populations of novel and unidentified thermophilic bacteria may be widely distributed in deep-sea environments. In addition, considering sensitivity of T . marianensis to elevated hydrostatic pressure and the low temperature conditions of the Challenger Deep in the Mariana Trench, the new isolate is thought to have originated from shallow marine hydrothermal environments rather than from the deep-sea bottom. It has been shown that all of the thermophilic isolates from the Mariana Trench are strongly sensitive to elevated hydrostatic pressure as compared to mesophiles and psychrophiles (Takami et al., 1997) . Moreover, an extremely thermophilic strain growing at temperatures up to 80"C, which has a 16s rDNA sequence with 98% similarity to that of T . marianensis, has been isolated from a shallow marine hydrothermal vent (Y. Sako, personal communication) . It seems likely, therefore, that deep-sea environments are a depository of dormant thermophilic micro-organisms brought down from other hydrothermal habitats. Further exploration for deep-sea thermophilic bacteria will shed light on the undiscovered thermophiles and extend our understanding of microbial diversity in marine environments.
Description of Thermaerobacter gen. nov.
Thermaerobacter (Therm.ae.ro.bac'ter. Gr. adj. thermos hot; Gr. n. aer air; M.L. bacter masc. equivalent of Gr. neut. n. bakterion rod or staff; M.L. masc. n. Thermaerobacter rod which grows at high temperatures in the presence of air). Rod-shaped, Gram-variable bacterium. Non-motile and no flagellum. Aerobic and thermophilic. Neutrophilic heterotroph. Requirement for sea salts for growth. Able to utilize various organic substrates such as yeast extract, peptone, cellulose, starch, chitin, casein, Casamino acids, a variety of sugars, carboxylic acids and amino acids. G + C content of genomic DNA is about 73 mol YO. Major cellular fatty acids are iso-C,, : o, C,,: 1, anteiso-C,, : o, iso-C,, : o, anteiso-C,, : o, C16:o and C18:-,. On the basis of 16s rRNA gene analysis, the genus Thermaerobacter is most closely related to the genus Moorella but does not belong to any of the taxa known so far. Members of the genus Thermaerobacter occur in not only marine hydrothermal vent environments but also the world's deepest sea-floor at a depth of 10897m. The type species is Thermaerobacter rnarianensis.
Description of Thermaerobacter marianensis sp. nov.
Thermaerobacter marianensis (ma.ri.a.nen'sis. M.L. masc. adj. marianensis pertaining to the Mariana Trench). Straight to slightly curved rods, 0.3-0-6 x 2-7 pm, with rounded ends. Cells stain slightly Gram-positive in the exponential growth phase but Gram-negative in the stationary growth phase. Occurs singly or in pairs. Exhibits no motility and no flagellum. Spores are not observed. Strictly aerobic. Temperature range for growth is 50-80 "C, with the optimum being 75 "C. pH range for growth is from 5.4 to 9.5, with optimum growth occurring at 7-0-7-5. Growth requires sea salts and occurs in the sea salts concentration range of 0.5-5-0 YO (w/v) with optimum growth occurring at 2.0 Yo. Grows on yeast extract, peptone, starch, xylan, chitin, casein, Casamino acids, maltotriose, cellobiose, ma1 t ose, lactose, trehalose, saccharo se, glucose, galactose, xylose, mannitol, inositol, propionate, 2-aminobutyric acid, malate, pyruvate, tartrate, succinate, lactate, acetate, glycerol, valine, isoleucine, cysteine, proline, serine, threonine, asparagine, glutamine, aspartate, glutamate, lysine, arginine or histidine and weakly on cellulose, glycine, alanine, leucine, methionine or phenylalanine. G + C content of genomic DNA is about 725 mol YO (HPLC). Major cellular fatty acids are 52.3 % iso-C,, : o, 27.6 YO C,,: ,, 
